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DESCRIPTION 
NOVEL 3 5KD PROTEIN 



TECHNICAL FIELD 

The present invention relates to a novel 3 5kd protein, 
a polynucleotide encoding the protein, a method for producing 
the protein by the use of the polynucleotide, as well as to an 
expression system relating to the production of these, and to 
a screening method for a compound participating in the regulation 
of sugar production by the use of the expression system. 

The invention also relates to a method of treatment and 
prevention of diabetes by the use of the protein obtained 
according to the above-mentioned method or the compound obtained 
through screening . 

BACKGROUND ART 

The pharmaceutical effect of a drug that has a specific 
pharmaceutical activity and therefore expresses an effect of 
curing a disease of a type results from the^p^cifip^ binding 
of the drug to the protein that participates in the pharmaceutical 
phenomenon to carry the disease and from the effect of the drug 
caused by it to specif ically modify the function of the protein. 

Therefore, when a drug for curing a disease specifically 
binds to a protein to modify its function in tissues or cells 
that exhibit the disease, then the protein participates in the 
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disease, and it is a useful target for development of newmedicines 

for the disease. 

For example, an immunosuppressor FK506 is used as a 
medicine for transplantation and chronic inflammations. 
Professor Schreiber et al . have clarified that the specific 
binding protein in the diseases to which the medicine is directed 
is FKBP12 protein (Harding MW, Galat A. Uehling DE, Schreiber 
SL, Nature 341, pp. 758-760 (1989)). It has been further 
clarified that, after FK506 has bound to FKBP12 , this further 
binds to calcineurin to express its immunosuppressive effect 
(Liu J, Farmer JD Jr, LaneWS, Friedman J, Weissman I, Schreiber 
SL, Cell 66(4), pp. 807-815 (1991)). Specifically, FKBP12 
discovered by the use of FK506 and its immunoregulation route 
are important targets for further development of additional 
immunosuppressors . 

The novel 3 5kd protein of the invention binds to a substance 
WF00144 (Fig. 1) . The substance WF00144 is a pharmaceutically 
active substance produced by fungi, Phoma sp. No. '00144. This 
substance inhibits in-vi tro sugar production in primary-culture 
liver cells . In addition, the substance has hypoglycemic effect 
in diabetes model animals. Specifically, the substance is a 
medicine for diabetes , which inhibits sugar production in livers 

* 

and expresses hypoglycemic effect (W099/61645) . 

For the two reasons mentioned above, it is believed that 
the protein to which the substance WF00144 specifically binds 



may be useful for clarifying some new mechanism for development 
of diabetes and for developing novel medicines for diabetes. 
Prior to the present invention, however, no one knows such a 
protein capable of specif ically binding to the substance WF00144 . 

DISCLOSURE OF THE INVENTION 

The theme of the invention includes the following three: 
To provide a protein that participates in the regulation 

of sugar production, and to provide a polynucleotide that encodes 

it . 

To provide a screening method for a compound that 
participates in the regulation of sugar production. 

To provide a medicine that contains a compound 
participating in the regulation of sugar production and is for 
treatment or prevention of diabetes. 

The invention provides a protein that participates in the 
regulation of sugar production and a polynucleotide that encodes 
it, and, by finding out a method or a substance for treatment 
and prevention of diabetes, provides a method for treatment of 
diabetes that participates in the regulation of sugar production 
relating to a method for treatment and prevention of diabetes. 

We, the present inventors have assiduously studied and, 
as a result, have found out a polynuc leo t ide that encodes aprotein 
having a molecular weight of about 35 kd and participating in 
the regulation of sugar production, from rat liver cells, and 



3 



• have completed the present invention. 

From rat liver cells, we have tried identification of a 
protein that specif ically binds to the substance WF00144 having 
the ability to inhibit gluconeogenesis in primary-culture liver 
cells, and isolation of a gene that encodes the protein. As 
a result, we have identified a novel protein having a molecular 
weight of about 3 5 kd. From the partial sequence information 
of the protein, we have isolated a full-length gene. The gene 
has 96 % homology to a Riken mouse clone 060010D20 on the level 
of amino acids, and it may be a homologous gene to the clone. 
However, its function is quite unknown. 

In addition, we have isolated a human homologous gene. 
We have expressed the protein gene in E. coli, and have obtained 
a protein having a suitable molecular weight that is anticipated 
from the amino acid sequence thereof . The protein specifically 
rebinds to the substance WF00144. 

In the BLAST homology search of the 3 5kd protein of the 
invention, various biological homologues of the 
dihydrodipicolonate synthase (DHDPS) family account for the 
major part of the proteins. Accordingly, it is presumed that 
the rat and human 35kd protein is a protein of the DHDPS family. 

The motif search in the amino acid sequence of the 3 5kd 
protein from the PROSITE database has revealed that the amino 
acid sequence contains two motifs stored in the DHDPS family. 
Of these, the sequence that contains an active center lysine, 
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DHDPS_2 (PROSITE AC . PS 006 66) Y- [DNS] - [LIVMFA] -P-x(2) - [ST] - 
x(3 ) - [LIVMF] -x (13 , 14) - [LIVM] -x- [SGA] - [LIVMF] -K- [DEQAF] - 
[STAC] is completely stored in mice, rats and humans; and in 
the sequence DHDPS_1 ( PROSITE 

AC. PS006 65) [GSA] - [LIVM] - [LIVMFY] -x (2 ) -G- [ST] - [TG] -G-E- [GASN 
F]-x(6)-[EQ] , 8 of 10 non-convertible amino acid residues are 
stored. 

From the above, the novel 3 5kda protein has a primary 
structure similar to that of the known DHDPS family protein, 
and it is presumed that the novel protein may be a protein of 
the DHDPS family and may have a function of class I aldolase 
activity. 

Enzyme that participates in sugar metabolisms universally 
exists from microorganisms to mammals, but regarding the 35kd 
protein, its homologous gene was found only in mammals such as 
humans and rodents . 

In addition, its gene expression is limited to livers, 
kidneys and testes . Accordingly, it is considered that the 35kd 
protein participates in the metabolic route added especially 
to the livers and kidneys of mammal for some purposes , in addition 
to the sugar metabolic system universally existing in animals. 

In higher animals, it is believed that the glycolytic 
system and the gluconeogenic system may be in a relationship 
of reciprocal reaction that is catalyzed by a common enzyme except 
some rate limiting enzymes . Especially in mammals, the glucose 
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production (gluconeogenesis) has evolved in the livers and the 
kidneys as an indispensable function for ensuring the existence 
of individuals over starvation. 

However, for men of today, the promotion of liver sugar 
production is a characteristic of the symptom of diabetes. It 
has heretofore been considered that the promotion of sugar 
production will be a change in the balance of the glycolytic 
system and the gluconeogenic system. Specifically, it has been 
believed that the promotion of sugar production will be because 
the level of the gluconeogenic system may be higher than that- 
of the glycolytic system. 

It has been considered that, since the substance WF00144 
that specifically binds to the 3 5kd protein may inhibit liver 
sugar production and has hypoglycemic effect in disease model 
animals, the 3 5kd protein may exhibit its function in a sugar 
production route that differs from the sugar decomposition/sugar 
production system heretofore known in the art. Specifically, 
it is presumed that, in livers and kidneys, the 3 5kd protein 
may exist in a route which has evolved for efficiently producing 
glucose separately from the glycolytic system therein. 

Accordingly, the 3 Skdprotein and the novel sugar metabolic 
system that contains it are useful targets for development of 
novel medicines for diabetes. 

* 

Concretely, the invention is described below. 



[1] A polynucleotide of any of the following (a) to (e) , 
encoding a protein that specifically binds to a substance 
WF00144: 

(a) a polynucleotide containing a base sequence of SEQ ID NO: 
1 or 3 ; 

(b) a polynucleotide encoding a protein that comprises an amino 
acid sequence of SEQ ID NO: 2 or 4; 

(c) a polynucleotide encoding a protein that comprises an amino 
acid sequence of SEQ ID NO: 2 or 4 where one or plural amino 
acids are substituted, deleted, inserted and/or added; 

(d) a polynucleotide hybridizing with a polynucleotide, that 
comprises a base sequence of SEQ ID NO: lor 3, under a stringent 
condition; 

(e) a polynucleotide having at least (1) 88 % homology, (2) 92 % 
homology or (3) 96 % homology to the base sequence of SEQ ID 
NO : 1 or 3 . 

[2] A polynucleotide encoding a partial peptide of the 
protein encoded by the polynucleotide of [1] . 

[3] A peptide or protein encoded by the polynucleotide 

of [1] or [2] . 

[4] A vector containing the polynucleotide of [1] or [2]. 

[5] A transformant having the polynucleotide of [1] or 
[2] , or the vector of claim 5. 

[6] A method for producing the peptide or protein of [3] , 
which includes a step of cultivating the transformant of [5] 



and collecting the expressed product. 

[7] A polynucleotide comprising a base sequence 
» 

complementary to the polynucleotide of [1] or [2] or to the 
complementary chain thereof, and having a length of at least 
15 bases. 

[8] An antibody to the peptide or protein of [3] . 

[9] An immunoassay method including a step of observing 
the immunological reaction between the peptide or protein of 
[3] and the antibody of claim 8. 

[10] A screening method for a sugar production-regulating 
substance, which includes the following steps: 

(1) a step of contacting a candidate substance with cells that 
express a protein encoded by the polynucleotide of claim 1; and 

(2) a step of cultivating the cells under the condition under 
which the synthesis of the protein of claim 3 is induced, and 
selecting the candidate substance that regulates sugar 
production. 

[ 11 ] A screening method for a sugar production-regulating 
substance, which includes the following steps: 

(1) a step of contacting a candidate substance with cells having 
a vector introduced thereinto , where the vector contains a region 
of regulating the expression of a gene that comprises the base 
sequence of SEQ ID NO: 1 or 3 and a reporter gene functionally 
bound downstream to the region; 

(2) a step of measuring the activity of the reporter gene; and 
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(3) a step of selecting the candidate substance that increases 
or decreases the reporter activity in the step (2) , as compared 

with a control. 

[12] A medicine that contains the- compound obtained 
according to the method of [10] or [11] . 

» 

[13] A medicine that contains the peptide or protein of 

[3]. 

[14] Amedicine that contains an anti-sense polynucleotide 
to the protein-encoding sequence of the polynucleotide of [1] . 

[15] Amedicine of [12] or [13] , which is for prevention 
or treatment of diabetes. 

[16] Use of the compound obtainable according to the method 
of [10] or [11] , for regulation of sugar production. 

[17] A method of detecting diabetes, which includes the 
following steps: 

(1) a step of determining the expression condition of the 
polynucleotide of claim 1; 

(2) a step of comparing the determined result in (1) with the 
polynucleotide expression condition in a normal state; 

(3) a step of correlating the change in the polynucleotide 
expression condition with diabetes, as a result of the 
comparison . 

[18] A polynucleotide of encoding a protein, which 
comprises an amino acid sequence of SEQ ID NO: 2 or 4 where one 
or a few amino acids are substituted, deleted, inserted and/or 



added, and which has a dominant-negative phenotype to the protein 
that comprises the amino acid sequence of SEQ ID NO: 2 or 4. 

[19] A screening method for a sugar production-regulating 
substance, which includes the following steps: 

(1) a step of contacting a candidate substance with the peptide 
or protein of claim 3 ; 

(2) a step of determining the binding condition of the peptide 
or protein to the candidate substance , and selecting the complex ; 

(3) a step of separating the candidate substance from the complex 
selected in the previous step. 

The protein that participates in sugar production of the 
invention and the polynucleotide that encodes the protein have 
all. or a part of the sequence of any of SEQ ID NO: 1 to 4 . 

The polynucleotide of the invention is not specifically 
defined in point of its morphology so far as it encodes the protein 
of the invention, and it includes genome DNAs and 
chemically-synthesized DNAs in addition to cDNAs . So far as 
it encodes the protein of the invention, the polynucleotide 
includes any ones having any base sequence based on 
polycondensation of genetic codes. 

As in the above, the polynucleotide that encodes the 
protein of the invention may be isolated in any ordinary method 
of, for example, hybridization with a probe of the polynucleotide 
sequence of SEQ ID NO: 1 or 3 or a part of it, or PCR with a 
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primer designed on the basis of the information of such 
polynucleotide sequence . 

The protein of the invention that participates in sugar 
production may be obtained, for example, by expressing it in 
a trans formant that is prepared through transformation with an 
expression vector containing an open reading frame sequence of 

SEQ ID NO : 1 or 3 . 

The expressed protein may be purified and isolated from 
cell fractions in any ordinary method. Concretely, the 
purification and isolation method is as follows: First, the 
cells are collected in any ordinary manner of filtration, 
centrifugation or the like, and the cell walls and/or the cell 
membranes of the cells are processed in an ordinary manner to 
obtain a cytoplasm fraction. 

Next, the cytoplasm fraction is dissolved in a suitable 
aqueous solution. Then, the protein of the invention is isolated 
and purified from the cytoplasm fraction according to an ordinary 
method generally employed for purification and isolation of 
natural or synthetic proteins. Examples of the isolation and 
purification method are dialysis, gel filtration, affinity 
column chromatography with a monoclonal antibody to the protein 
of the invention or to the partial peptide thereof, column 
chromatography on a suitable adsorbent , high-performance liquid 
chromatography, etc . 

The invention encompasses a polynucleotide that encodes 

* 
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a protein functionally equivalent to the above-mentioned protein . 
The wording " functionally equivalent " as used herein means that 
the intended proteins are materially the same in point of their 
function in living bodies . Specifically, anyone skilled in the 
art may prepare the protein that is functionally equivalent to 
the novel 3 5kd protein of the Example of the invention, for example, 
by utilizing a method of introducing mutation into the amino 
acid sequence of protein (for example, a site-specific 
mutagenesis (Current Protocols in Molecular Biology, edit. 
Ausubel et al . , ( 1987 )* publish . John Wily and Sons, Sections 
8.1-8.5) ) . 

The protein of the type may be formed through mutation 

of amino acids in the natural world. So far as they have the 

equivalent function as that of the protein identified in the 

Example of the invention, any other proteins having the amino 

acid sequence of the identified protein (amino acid sequence 

of the protein encoded by SEQ ID NO: 2 or 4) in which, however, 

one or plural amino acids are substituted, deleted, inserted 

and/or added are within the scope of the present invention. 

The plural amino acids as referred to herein are not 
* 

specifically defined in point of the mutation number of the amino 
acids and the mutation sites thereof in the protein, so far as 
the protein keeps its function. The mutation number is typically 
within 10 % of all amino acids, preferably within 5 % of all 
amino acids, more preferably within 1 % of all amino acids. As 
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the case may be, the invention may encompass a protein with 
mutation of a few amino acids as plural amino acids . The wording 
"a few" as used herein means, for example, 5, or 4 or 3 , or 2 
amino acids, or even one amino acid. 

Preferably, the amino acid to be substituted for an 
original one has properties similar to those of the original 
amino acid. For example, Ala, Val, Leu, lie, Pro, Met, Phe and 
Trp are all within a group of non-polar amino acids, and they 
may have similar properties. Non-chargeable amino acid 
includes Gly, Ser, Thr, Cys, Tyr, Asn and Gin. Acidic amino 
acid includes Asp and Glu. Basic amino acid includes Lys, Arg 
and His . 

The protein that is functionally equivalent to the 3 5kd 
protein of the Example of the invention may be isolated by 
utilizing hybridization technology or gene amplification 
technology well known to those skilled in the art . Specifically, 
anyone skilled in the art may generally isolate a polynucleotide 
that has a high homology to the polynucleotide encoding the 
protein identified in the Example of the invention, on the basis 
of the base sequence (SEQ ID NO: 1 or 3 ) of the polynucleotide 
that encodes the identified protein or on the basis of a part 
of the base sequence and by the use of a hybridization technique 
(Current Protocols in Molecular Biology, edit. Ausubel et al . , 
(1987), publish. John Wily and Sons , Sections 6.3-6.4), and may 
obtain a protein functionally equivalent to the identified 
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protein, from the isolated polynucleotide. 

So far as they have a function equivalent to that of the 
protein identified in the Example of the invention, other 
proteins encoded by a polynucleotide capable of hybridizing with 
the polynucleotide that encodes these proteins are within the 
scope of the invention. The stringent condition for 
hybridization for isolating the polynucleotide that encodes the 
protein functionally equivalent to the identified protein is 
generally "1 x SSC, 0.1 %, SDS, 37°C" or so for washing; a more 
stringent condition for it is "0.5 x SSC, 0.1 %, SDS, 42°C" or 
so; an even more stringent condition for it is "0.1 x SSC, 0.1%, 
SDS, 65°C" or so. Under such a more stringent hybridization 
condition, isolation of a polynucleotide having a high homology 
to the probe sequence may be expected. 

However, the combinations of SSC, SDS and temperature 
mentioned above are to indicate only some examples, and anyone 
skilled in the art could readily realize any other stringent 
conditions like the above by suitably combining the 
above-mentioned and other factors for determining the 
hybridization stringency (e.g., probe concentration, probe 
length, hybridization reaction time) . 

The protein thus isolated by the use of the hybridization 
technique as above generally have a high homology in point of 
the amino acid sequence thereof or of the base sequence to encode 
the protein, as compared with the protein encoded by SEQ ID NO: 
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2 or 4. The high homology is meant to indicate the sequence 
homology of at least 80%, preferably at least 84%, more preferably 
at least 88%, even more preferably at least 92 %, most preferably 

at least 96 %. 

The homology may be determined by the use of BLAST2 
retrieval algorism (Altschul, S.F. et al . , 1997, Gapped BLAST 
and PSI-BLAST: a new generation of protein database search 
programs, Nucleic Acid Res . 25, pp. 3389-3402). 

Another method is possible, which is as follows: 

4 

According to a gene amplification technique (PCR) (Current 
Protocols in Molecular Biology, edit. Ausubel et al . , (1987) , 
publish. John Wiley and Sons, Sections 6.1-6.4), a primer is 
designed on the basis of a part of the polynucleotide sequence 
(SEQ ID NO: 1 or 3 ) identified in the Example of the invention, 
and polynucleotide fragments having a high homology to the 
polynucleotide sequence or to a part thereof are isolated, and 
based on these, a protein functionally equivalent to the protein 
identified in the Example of the invention is obtained. 

The invention also relates to a partial peptide of the 
protein of the invention, and to a polypeptide of encoding the 
partial peptide . The partial peptide of the invention comprises 
an amino acid sequence of at least 7 amino acids, preferably 
at least 9 amino acids, more preferably at least 12 amino acids, 
evenmorepref erablyat least 15 aminoacids . The partial peptide 
of the invention may be produced, for example, according to a 
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gene engineering method or a known peptide synthesis method, 
or by cleaving the protein of the invention with a suitable 
peptidase . 

The invention also provides an expression vector that 
contains any of the above-mentioned polynucleotides . Further, 
the invention relates to a transformant that carries the 
above-mentioned polynucleotide or any vector mentioned above, 
and to a method for producing a protein participating in sugar 
production or a partial peptide thereof, by cultivating the 
transformant and isolating the protein of the invention from 
the culture. Further, the invention provides the protein 
produced according to the method as above, or a partial peptide 
thereof . 

When a polypeptide is produced according to a gene 
recombination method, it is well known to those skilled in the 
art that various polypeptides that differ in point of the type 
and the degree of glycosylation thereof are obtained depending 
on the type of the host cells used, and that the terminal 
(N- terminal and/or C- terminal) amino acid sequence of the 
precursor polypeptide expressed in the host cells is processed 
with a signal peptidase or the like and therefore various 
polypeptides having a different terminal amino acid sequence 
are obtained. Accordingly, anyone skilled in the art could 
easily understand that such polypeptides are naturally within 
the scope of the protein of the invention. 



The following Example illustrates construction of an 
expression vector that functions in prokaryotes , especially in 
E. coli. However, as a result of disclosure of thepolynucleotide 
that encodes the protein of the invention, it is easy for anyone 
skilled in the art to construct, on the basis of it , an expression 
vector which, when introduced into host cells of fungi such as 
yeast or into those of mammals, may make the hosts express and 
produce the protein of the invention. Accordingly, the 
invention encompasses the expression vector that is constructed 
according to the methods well known in the art on the basis of 
the polynucleotide sequence of the invention. 

Microorganismic cells capable of being used for expression 
of the polynucleotide of encoding the protein of the invention 
include, for example, prokaryotic bacteria (Escherichia coli, 
Bacillus subtilis) and eukaryotic yeast (e.g., Saccharomyces 
cerevisiae) . The mammal cells include cultivated human cells 
and cultivated animal cells. In addition, cultivated plant 
cells are also usable herein. 

For facilitating the purification thereof, a basic amino 
acid having an affinity to metal ion chelates may be added to 
any terminal of the protein of the invention. 

Such a basic amino acid may be added as follows: Using 
a primer with a series of base sequences of encoding desired 
amino acids added to the 5 ' -side thereof, PCR is carried out, 
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whereby a desired oligopeptide may be added to any desired 
terminal of the intended gene. The basic amino acid includes 
histidine, lysine, arginine. 

The polynucleotide encoding the amino acid sequence of 
the protein of the invention may be obtained through partial 
synthesis or complete synthesis, for example, by the use of an 
DNA synthesizer. Apart from this, it may also be obtained by 
the use of a probe or primer designed on the basis of the base 
sequence of SEQ ID NO: 1 or 2 from a human cDNA library. 

Further, a genome DNA that encodes the protein of the 
invent ion may be prepared by processing a genome DNA in an ordinary 
manner (for example, by digestion with restriction enzyme, 
dephosphorylation with bacterial alkali phosphatase, 
phosphorylation with T4 polynucleotide kinase, ligation with 
T4DNAligase) . In addition, utilizing the thus-obtained genome 
DNA, the transcription initiation point in the gene of the 
invention in the genome may be clarified, and the expression 
control region existing upstream the point may be specifically 
identified. 

The control region such as promoter and enhancer of 
controlling the expression of the gene that encodes the protein 
of the invention is useful as a target region for detecting any 
expression failure in producing the protein of the invention. 
Further, expression control may be realized in decoy nucleic 
acid medicines that target the region. 

■ 
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The host cells for use in the invention include cells that 
are used for analysis of the function of the protein of the 
invention and those for screening function inhibitors and 
function promoters by utilizing the protein. The vector 
introduction into host cells may be attained, for example, 
according to a calcium phosphate precipitation method, an 
electric pulse perforation method (Current Protocols in 
Molecular Biology, edit. Ausubel et al . , (1987), publish. John 
Wiley and Sons, Sections 9.1-9.9), a lipofectamin method, or 
a microinjection method. Preparation of the protein of the 
invention from transformant may be attained through protein 
isolation and purification well known to those skilled in the 
art . 

The invention also provides a polynucleotide comprising 

a base sequence complementary to the polynucleotide of the base 

sequence of SEQ.IDNO: 1 or 3 or to the complementary chain thereof, 

» 

and containing at least 15 nucleotides. 

The "complementary chain" as referred to herein indicates 
the other chain opposite to one chain of a double-stranded 
polynucleotide that comprises a base pair of A : T ( A : U) , G:C . The 
term "complementary" is not limited to the case where the region 
of at least 15 continuous nucleotides has a completely 
complementary sequence, but includes any others having at least 
70 %, preferably at least 80 %, more preferably at least 90 %, 
even more preferably at least 95 % homology in point of the base 
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sequence of the region. The algorism to determine the homology 
is described herein. 

The polynucleotide of the type may be utilized as a probe 
for detecting and isolating DNA and RNA that encode the protein 
of the invention, or as aprimer for amplifying the polynucleotide 
of the invention. 

When it is used as a primer, in general, it has a chain 
length of from 15 bp to 100 bp, preferably from 15 bp to 3 5 bp. 
When used as a probe, the polynucleotide has at least a part 
or all of the sequence of the polynucleotide of the invention 
and has a chain length of at least 15 bp. When used as a primer, 
the 3 ' -side region of the polynucleotide must be complementary, 
but the 5 ' -side thereof may have a restriction enzyme recognition 
site or a tag added thereto. 

The polynucleotide of the invention may be utilized for 
medical examination and diagnosis of abnormality of the protein 
of the invention. For example, in northern hybridization or 
RT-PCR where the polynucleotide of the invention is used as a 
probe or primer, the protein expression failure may be detected. 

The term "expression" as used herein includes 
transcription and/or translation. The expression analysis by 
the use of the polynucleotide of the invention makes it possible 
to examine and diagnose gene expression on the gene transcription 
level . 

When the antibody to the protein of the invention, which 
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is described hereinunder, is used, then gene expression may be 
examined and diagnosed on the gene translation level. In 
addition, the polynucleotide that encodes the protein of the 
invention or its expression control region may be amplified 
through genome DNA-PCR or RT-PCR in which the polynucleotide 
of the invention is used as the primer in the polymerase chain 

* 

reaction (PCR) , and the sequence disorder may be examined and 
diagnosed through RFLP analysis, SSCP, sequencing or the like 
method. 

The "polynucleotide complementary to the polynucleotide 
of the base sequence of SEQ ID NO: 1 or 2 or to the complementary 
chain thereof, and containing at least 15 nucleotides" includes 
anti-sense polynucleotide that inhibits the expression of the 
protein of the invention . The anti-sense polynucleotide causes 
an anti-sense effect, and therefore it has a chain length of 
at least 15 bp, preferably at least 100 bp, more preferably at 
least 500 bp, but generally at most 3000 bp, preferably at most 
2000 bp. 

The anti-sense polynucleotide of the type may be applied 
to gene therapy for diseases caused by abnormality (functional 
abnormality or expressional abnormality) of the protein of the 
invention. Concretely, for diabetes, the anti-sense 

polynucleotide may be prepared, for example, according to a 
phosphorothioate method (Stein, 1988, Physicochemical 
Properties of Phosphorothioate Oligodeoxynucleotides , Nucleic 
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Acids Res. 16, pp. 3209-3221 (1988)), based on the sequence 
information of the polynucleotide of SEQ ID NO : 1 or 3 . 

When the polynucleotide or the anti-sense polynucleotide 
of the invention is used in gene therapy, then it is administered 
to patients according to an ex-vivo method or an in-vivo method 
using, for example, a viral vector such as retrovirus vector, 
adenovirus vector , adeno-associated virus vector , or anon-viral 
vector such as liposome. 

The invention also provides an antibody that binds to the 

# 

protein of the invention. The antibody of the invention is not 
specifically defined in point of its morphology, and includes 
a polyclonal antibody, a monoclonal antibody and a part of them 
having the ability to bind with antigen. It further includes 
antibodies of all classes. In addition, the antibody of the 
invention includes special antibodies such as humanized 
antibodies. 

When the antibody of the invention is a polyclonal antibody, 
it may be obtained by immunizing rabbits with the protein or 
partial peptide of the invention produced herein {Current 
Protocols in Molecular Biology, edit. Ausubel et al . , (1987) , 
publish. John Wiley and Sons, Sections 11.12-11.13). On the 
other hand, when it is a monoclonal antibody, it may be obtained 
by immunizing mice with the protein or partial peptide of the 
invention, then hybridizing the spleen cells of the immunized 
mice with myeloma cells in a mode of cell fusion, and isolating 
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the monoclonal antibody from the resulting hybridoma cells 
(Current Protocols in Molecular Biology, edit. Ausubel et al . , 
(1987), publish. John Wiley and Sons, Sections 11.4-11.11). 

The antibody that binds with the protein of the invention 
may be utilized for purification of the protein of the invention 
and, for example, additionally for medical examination and 
diagnosis of expression abnormality or structure abnormality 
of the protein. Concretely, for example, protein is extracted 
from tissue, blood or cells, and this is subjected western 
blotting, immunoprecipitation, ELISA or the like to detect 
therein the protein of the invention whereupon the presence or 
absence of the expression or structure abnormality of the protein 
may be examined and diagnosed. 

The antibody that binds with the protein of the invention 
may be utilized for the purpose of treatment of diseases 
associated with the protein of the invention . When the antibody 
is used for the purpose of treatment of patients, then it is 
preferably a human antibody or humanized antibody as its 
immunogenicity is low. The human antibody may be prepared by 
immunizing mice of which the immune system has been changed to 
a human immune system (for example, Functional Transplant of 
Megabase Human Immunoglobulin Loci Recapitulates Human Antibody 
Response in Mice, Mendez, M.J. et al . , (1997) Nat. Genet. 15, 
pp. 146-156) . On the other hand, the humanized antibody may 
be prepared through genetic recombination with an ultra-variable 
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region of a monoclonal antibody (Methods in Enzymology 203 , pp. 

99-121 (1991) ) . 

The protein of the invention that is encoded by the 
polynucleotide of SEQ ID NO: 2 or 4 participates in the regulation 
of sugar production, as so mentioned hereinabove in relation 
to the regulation of sugar production. Accordingly, when the 
expression of the protein of the type is enhanced, then it retards 
sugar production and is therefore effective for treatment and 
prevention of diabetes. Further, the protein of the type and 
the protein that is functionally equivalent to it may be used 
by themselves as a medicine for treatment and prevention of 
diabetes. 

The invention also provides a screening method for a 
compound having the ability to regulate the activity of the 
protein of the invention. Since the protein of the invention 
participates in sugar production, the compound having the ability 

■ 

to regulate the expression of the product of the gene of the 
protein may regulate sugar production and is therefore useful 
as a medicine for treatment and prevention of diabetes. The 
screening method is described below. 

The expression of the protein of the invention that is 
encoded by the polynucleotide of SEQ ID NO : 1 or 3 may be increased 
so as to retard sugar production, and it is effective for treatment 
and prevention of diabetes. Specifically, the invention 
relates to a screening method for a compound of regulating the 
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expression of the protein encoded by the polynucleotide of the 
invention, and the method includes the following steps: 

(1) a step of contacting a candidate substance with cells having 
a vector introduced thereinto , where the vector contains a region 
of regulating the expression of a gene that comprises the base 
sequence of SEQ ID NO: 1 or 3 and a reporter gene functionally 
bound downstream to the region; 

(2) a step of measuring the activity of the reporter gene; and 

(3) a step of selecting the candidate substance that increases 
or decreases the reporter activity in the step (2) , as compared 

with a control. 

For the screening method of the invention, the control 
region of the gene is cloned from a chromosomal DNA, and a reporter 
gene (e.g. , lucif erase, (3-galactosidase, GFP (green fluorescent 
protein) ) is bound downstream to the control region of the gene 
to thereby construct an expression plasmid. The expression 
control region of the gene that comprises the base sequence of 
SEQ ID NO: 1 or 3 may be cloned from a chromosomal DNA in any 
known manner. 

For example, an SI mapping method is known for a method 
of identification of a transcription initiation point 
("Isolation of Transcription Control Region" and 
"Identification and Purification of Transcription Control 
Factor", Cell Engineering, extra, ed. 8, New Cell Engineering 
Experience Protocols, edit. Tokyo University, Medical Science 



Laboratory, Carcinostatic Laboratory Section, publish. 
Shiijun-sha, 1993, pp. 362-374). 

In general, the expression control region DNA of the gene 
is cloned as a gene clone that contains the expression control 
region, by screening a human genomic library with a segment of 
from 15 to 100 bp, preferably from 30 to 50 bp of the 5' -terminal 
of the gene that serves as a probe DNA. 

Thus obtained, the clone often contains a 
5 ' -non-translation region of the gene having a length of at least 
10 kbp. Accordingly, the 5 '-terminal of the clone is shortened 

A 

or fragmented through exonuclease treatment or the like. Using 
the sequence thus containing the shortened expression control 
region, the expression intensity and the expression regulation 
of the reporter gene is determined, and it gives the minimal 
indispensable unit for maintaining the activity of the expression 
control region (deletion study) . 

In addition, a program of forecasting the expression 
control region of gene by the use of Neural Network is known 
(http://www.fruitfly.org/seq_tools/promoter.html, Reese, M.G. 
et al., "Large Scale Sequencing Specific Neutral Networks for 
Promoter and Splice Site Recognition" Biocomputing : Proceedings 
of the 199 6 Pacific Symposium, edited by Lawrence Hunter and 
Terri E. Klein, World Scientific Publishing Co., Singapore, 
January 2-7, 1996) . it is also possible to forecast the minimal 
unit of activity by the use of a program for forecasting the 
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expression control region through retrieval of transcription 
factor binding sequences such as Promoter Scan 
(http : / /biosci . cbs . umn . edu/sof twa^e/proscan/promoterscan . ht 

* 

m, Prestridge, D.S. 1995, Prediction of Pol II Promoter Sequence 
Using Transcription Factor Binding Site, J. Mol . Biol., 249, 
pp. 923-932) . Further, deletion study may also be carried out 
around the center of the forecasted core part. 

A reporter gene is functionally bound downstream to the 
thus-isolated control region of the gene to construct an 
expression plasmid, and this expression plasmid is introduced 
into suitable cells. 

In the invention, functional binding means that the two 
are bound to each other in such a manner that the transcription 
of the reporter gene could be initiated by the activation of 
the expression control region. 

For the reporter gene, any one can be utilized so far as 
it encodes a protein in which the activation of the expression 
control region can be observed as the expression of the gene. 
Concretely, for example, a gene such as lucif erase, 
(3-galactosidase, GFP (green fluorescent protein) may be 
generally used as the reporter gene. 

For the cells into which the vector is introduced, for 
example, usable are animal cells where the gene is deleted. Next, 
for example, the animal cells where the gene is deleted are 
transformed with the expression plasmid. The expression of the 
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reporter gene owing to the control region transcription activity 
in the cells is detected as color formation or light emission. 

Under the conditionas above, the cells are sown ina 96-well 
multi-plate, and the compound to be screened is added to each 
well. In this, accordingly, it is possible to easily select 
the compound capable of inhibiting or promoting the expression 
of the expression product of the gene. 

The method of selecting the compound is described. For 
example, when GFP is used for the reporter gene, then the quantity 
of light emission by GFP in the case where the chemical is added 
is compared with that in the other case where the chemical is 
not added, and it is possible to select the compound. The 
comparison indicates a light emission quantity ratio of at least 
2 times or at most 1/2 times, preferably at least 5 times or 
at most 1/5 times, more preferably at least 10 times or at most 
1/10 times. In the method, usable are not only animal cells 
but also any other hosts, irrespective of eukaryotes or 
prokaryotes, capable of inducing reporter gene expression in 
the same system. 

The sample to be tested in the screening method includes, 
for example, cell extracts, gene library expression products, 
low-molecular synthetic compounds , synthetic peptides , natural 
compounds . The test samples described herein are only examples , 
to which, therefore, the invention should not be limited. 

The compounds isolated through the screening method are 
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candidates for the compounds that promote or inhibit the activity 
of the protein of the invention (agonists, antagonists) . 

In addition, they are candidates for the compounds that 
inhibit the interaction between the protein of the invention 
and a molecule capable of interacting with the protein. These 
compounds may be applicable to medicines for prevention or 
treatment of diseases associated with the protein of the 
invention . 

In addition, the invention relates to the medical use of 
the compounds that are obtained according to the screening method 
of the invention. Specifically, the invention relates to a 
medicine that contains the compound obtained according to the 
screening method and to a pharmaceutical composition that 
contains the compound as the principal ingredient thereof. 

The protein, the nucleotide, the antibody and the compound 
isolated through the screening of the invention are useful for 
regulation of sugar production and for medicines for diabetes. 

When these are used for medicines, they may be directly 
used as medicines by themselves, but may be formulated into 
pharmaceutical composition according to known pharmaceutical 
formulation methods. For example, they may be combined with 
pharmaceutically-acceptable carriers or mediums, concretely 
sterile water , physiological saline, vegetable oil , emulsifier, 
suspending agent or the like, to be formulated into 
pharmaceutical compositions . 
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The administration of the medicines to patients may be 
effected in any method known to those skilled in the art, for 
example, through intra-arterial injection, intravenous 
injection, subcutaneous injection, etc. The dose may vary,, 
depending on the body weight and the age of patients, and on 
the administration route. Anyone skilled in the art could 
readily determine the suitable dose. 

When the compound can be encoded by a polynucleotide, then 
the polynucleotide maybe inserted into a vector for gene therapy, 
and it may be used for gene therapy. 

The dose and the administration route may vary, depending 
on the body weight, the age and the condition of patients, and 
anyone skilled in the art could readily determine the suitable 
dose. 

It is possible to know as to whether or not the protein 
of the invention may be associated with any other disease, by 
using an antibody specifically recognizing the protein of the 
invention, apart from those mentioned hereinabove, and 
determining the correlation between the specific disease and 
the expression quantity and the activity of the protein. 

In addition, the protein of the invention may be analyzed 

« 

withref erence to "Molecular Diagnosis of Genetic Diseases " (edit. 
Rob Elles, 1996) in a series of Method in Molecular Biology 
(publish. Humana Press) . 

The antibody that binds to the protein of the invention 
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may be utilized for medical examination and diagnosis of 
expression abnormality or structure abnormality of the protein 
of the invention, in addition to the use for purification of 
the protein of the invention. 

Concretely, for example, protein is extracted from tissue, 
blood or cells, and this is subjected western blotting, 
immunoprecipitation, ELISA or the like to detect therein the 
protein of the invention whereupon the presence or absence of 
the expression or structure abnormality of the protein may be 
examined and diagnosed. 

Further, it is possible to detect diabetes by determining 
the expression condition of the polynucleotide of the invention. 
Accordingly, the invention relates to a method for detecting 
diabetes that includes the following steps: 

(1) a step of determining the. expression condition of the 
polynucleotide having at least one sequence selected from a group 
of SEQ ID NO: 1 and SEQ ID NO : 2 , 

(2) a step of comparing the determined result in (1) with the 
polynucleotide expression condition in a normal state; 

(3) a step of correlating the change in the polynucleotide 
expression condition with diabetes, as a result of the 
comparison . 

In the invention, the expression condition of the 
polynucleotide may be clarified by analyzing any one stage in 
the process where the gene is transcribed to mRNA and is translated 



into protein. . More concretely, for example, the transcription 
condition may be known by measuring the mRNA that comprises the 
above-mentioned base sequence as the above-mentioned 
polynucleotide. The mRNA may be determined in any known method 
of northern hybridization or RT-PCR. 

In addition, when the protein that comprises the amino 
acid sequence encoded by the above-mentioned polynucleotide or 
its fragment is analyzed, then the translation condition into 
the protein can be known. The protein can be determined through 
western blotting with an antibody that recognizes it or through 
various immunoassay. 

The examination method of the invention may be carried 
out with objects of patients' blood samples or cerebrospinal 
fluid samples. For observing the expression condition of the 
polynucleotide of the invention in a sample of tissue specimens, 
employable is in-situ hybridization or tissue immunoassay. 
When the expression condition of the polynucleotide of the 
invention in the sample is analyzed and when the polynucleotide 
expression therein is retarded as compared with that in a control 
case with no abnormality in sugar production regulation, then 
the sample may be associated with diabetes. 

The invention further relates to a reagent for clarifying 
the expression condition of the polynucleotide of the invention. 
More concretely, the invention relates to the use of a 
polynucleotide complementary to the polynucleotide of the 
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invention or to the complementary chain thereof and having a 
length of at least 15 bases, for detection of the polynucleotide 
of the invention. 

Further, the invention also relates to the use of an 
antibody that recognizes the protein of the invention, for 
detection of the protein. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig . 1 is a structural formula of a substance WF00144. 

BEST MODE FOR CARRYING OUT THE INVENTION 

The invention is described more concretely with reference 
to the following Examples, to which, however, the invention 
should not be limited. 

1 . Identification of rat andhuman 35kd protein, and acquisition 

of the gene thereof 

1-1. Formation of affinity probe: 

Bio tin was bonded to the carboxylic acid part of a substance 
WF00144 (W099/61645) in a mode of amido-bonding via a spacer 
to form a biotin-modif ied substance WF00144 (hereinafter 
referred to as a biotinated substance WF) . The biotinated WF 
substance had a sugar production inhibitory activity in primary 
liver cells. 

1-2 . Preparation of sugar production-inducing rat primary liver 
cells, and method for determination of sugar concentration: 



Rats (male, 200 to 250 g) withno feedgiven from the previous 
day were anesthetized and their abdomens were cut open out. An 
indwelling needle was inserted into the portal vein of each rat 
and fixed thereto, and, with a pre-perf usion liquid (8 g/liter 
sodium chloride, 0 . 4 g/liter potassium chloride , 0.078 g/liter 

NaH 2 P0 4 -2H 2 0, 0.151 g/liter Na 2 HP0 4 -12H 2 0, 2.38 g/liter HEPES, 
0 . 006 g/liter phenol red, 0 . 19 g/liter EGTA, 0.35 g/liter sodium 
hydrogencarbonate, 0.9 g/liter glucose) introduced thereinto, 
the abdominal aorta was cut to bleed out, and the liver was 
perfused. 

Next, the liver was perfused with a collagenase liquid 
(8 g/liter sodium chloride , 0 . 4 g/literpotassium chloride, 0.078 

g/liter NaH 2 P0 4 -2H 2 0, 0.151 g/liter Na 2 HP0 4 -12H 2 0, 0.74 g/liter 
CaCl 2 , 2 . 38 g/liter HEPES, 0 . 006 g/liter phenol red, 0.05 g/liter 
trypsin inhibitor, 0.35 g/liter sodium hydrogencarbonate , 0.4 
g/liter collagenase (type III: Sigma)) to liberate the liver 
cells. The liver was cut off, its coating membrane was torn 
off, and the cells were dispersed in an MEM medium (minimum 
essential medium with Eargle's salts). 

The dispersed cells filtered through gauze, and the 
filtrate was centrifuged. The supernatant was removed, an MEM 
medium was added to it , and the cells were again dispersed therein, 
and this was centrifuged in the same manner. This operation 
was repeated 5 times to prepare a liver cell suspension. 

The cell suspension was transferred to a 10-cm dish coated 



with collagen, and incubated therein under a condition of 37°C, 
5 % C0 2 , 30 % 0 2 and 100 % humidity, for 6 hours, and the liver 
cells were adhered to the dish. 

The medium was changed to a Dulbecco ' s MEM medium (-glucose, 
1 % FBS, 83 mg/liter streptomycin, 83 mg/liter penicillin, 100 
mg/liter kanamycin, 20 mM pyruvic acid, 0.01 mM glucagon, pH 
7.2) , in which the liver cells were incubated for one-full day 
so as to make them induce sugar production. 

The concentration of glucose produced in the cell culture 
was quantified with Glucose Test Wako (Wako Pure Chemical's 
glucose metering kit) according to its manual. 
1-3 . Preparationof sugar production- inducing primary liver cell 
extract : 

The rat primary liver cells in which sugar production had 
been induced overnight were collected from the dish, and then 
washed oncewithaphosphatebufferedphysiological saline (PBS) , 
and the weight of the liver cell pellets was measured. 

The cell pellets were suspended in a cell extraction 
solution ( 0 . 25 M sucrose-aqueous solution) of 9 times the weight 
thereof, and ultrasonically disrupted. The cell debris was 
removed through low- speed centrif ugation, and the supernatant 
was super-centrifuged (100, 000 g, 3 0 minutes) . The residue was 
removed, and a sugar production- inducing primary liver cell 
extract was thus obtained. 

1-4. Biotin/Avidin affinity chromatography: 



Biotin/avidin affinity chromatography was carried out in 
an ordinary manner (FEBS Lett., 31, 149, (1973)). 

Precisely, 10 mM biotinated WF was added to the liver cell 
extract obtained in the previous step, and reacted with it 

overnight at 4°C . At the same time , a control group was prepared , 
in which WF00144 (100 mM) was added to the cell extract along 
with the biotinated WF thereto so as to make the two antagonize 
to each other. 

The reaction solution was dialyzed overnight to the cell 
extract solution to remove the unbinding biotinated WF . An 
avidin-bound resin (from Pierce) was added to the reaction 
solution and reacted with it overnight. 

The avidin-bound resin was . precipitated through 
centrif ugation, and the supernatant was removed. Then, the 
resin was washed three times with a washing solution (0.5 M 
salt-added cell extract) . Avidin on the resin was degenerated 
with 8 M urea, and the bound protein was eluted out. 

The eluted protein was separated through electrophoresis 
with SDS polyacrylamide gel (12 %) . The gel was stained with 
CBB, and the protein bands were observed. Of the protein bands 
thus observed, those not observed in the separately-prepared, 
avidin-bound resin alone group (biotinated WF not added thereto) 
and in the WF00144-added group are specific binding protein 
bands . 

1-5. Identification of rat 35kd protein: 



The band of the specific binding protein observed at around 
a molecular weight of 3 5 kd was cut out of the gel, and subjected 
to in-gel trypsin digestion to form peptide fragments. The 
molecular weight of each peptide fragment was determined 
according to a peptide mass finger method (MALDI-TOFMS) (using 
Tofspec 2E from Micromass) , and the data were retrieved from 
the database. As a result, a peptide fragment anticipated from 
the base sequence of rat EST clone (gi: 8504516), 
GRMNSAALIHHYTKVADLSPIPWLYSVPGNTGLELPVDAWTLSQHPNIIGLKDSGGD 
VTR TGLIVHK TSKQDFQVLAGSVGFLLASYAVGAVGGICGLAWLGAQVCQLERLCI^ 
QGEAAQR LQHR LIEPNTAVTR RFGIPGLKKTMDWFGYYGGPCRAPLXELSPSEEEALRL 
DF SNNGWL _ _ Q AGDTW S E L S QTL VPT V was identified. 

Of the fragment, the underlined amino acid sequences were 
determined from the peptides that had been actually prepared 
from the 35kd bands, according to a peptide sequence-tag method 
(ESI-TOF MS /MS ) (using Q-Tof-2 from Micromass) . 

Based on these data, Riken mouse clones were analyzed, 
and it was considered that a Riken mouse clone 060010D2 0 would 
be a homologous protein to the rat 3 5kd protein. 
1-6. Acquisition of rat and human 35kd protein gene: 

A rat cDNA library was prepared with Gibco BRL ' s 

* 

Superscript Choice System, using the total RNA prepared from 
the above-mentioned, sugar production- inducing rat primary 
liver cells. A human cDNA library was bought from Clontech. 

Based on the base sequence information of the EST clone 
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to the partial amino acid sequence of the present protein that 
had been determined previously, an oligonucleotide primer was 
designed for obtaining the' gene corresponding to about a half 
at the C- terminal thereof ( SEQ ID NO: 7) . 

In addition, from the base sequence information of Riken 
clone 0610010D20, an oligonucleotide primer was designed for 
obtaining the gene corresponding to about a half at the N- terminal 
thereof (SEQ ID NO: 6) . 

From the thus-designed primers and the cDNA library that 
had been prepared from the above-mentioned rat sugar 
production- inducing primary liver cells, a complete-length gene 
was obtained according to a PCR method. 

Based on the rat base sequence, primers (SEQ ID NO:s 8 
and 9) were designed, and a human 3 5kd-homologous gene was 
obtained from the human liver cDNA library according to a PCR 
method. 

1-7. Sequence of rat and human 35kd protein gene: 

The DNA fragments of rat and human 3 5kd protein for their 
sequencing were prepared by the use of Applied Biosystems' 
BigDye™ Terminator Cycle Sequencing Ready Reaction with 
AmpliTaq DNA Polymerase. The sequencing was carried out with 
Applied Biosystems' 310 0 Genetic Analyzer. 

Thus sequenced, the nucleotide sequence of the rat 3 5kd 
protein and the amino acid sequence thereof are SEQ ID NO:s 3 
and 4, respectively. The nucleotide sequence of the human 3 5kd 
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protein and the amino acid sequence thereof are SEQ ID NO : s 1 

and 2, respectively. 

As a result, the amino acid sequence-level homology between 

human and rat 35kd proteins was 87 %. 

The amino acid- level homology between the Riken 
clone-encoding protein and the rat 3 5kd protein and the human 
35kd protein was 96 % and 88 %, respectively. 

2 . Expression and purification of rat and human 3 5kd protein 
2-1. Construction of expression plasmid: 

Invitrogen's pTrcHis B was used as an expression vector. 
The genes obtained in Embodiment 1-6 were cleaved with 
restriction endonucleases . Briefly, the rat gene was withBamHI 
and EcoRI; and the human gene was with Bglll and EcoRI . 

Each fragment was ligated with a fragment prepared by 
cleaving pTrcHis B with the same combination of restriction 
endonucleases to prepare a expression plasmid of 3 5kd protein 
which a histidine tag-encoding sequence was bound to (rat: 
pTrcHisB/r3 5k, human: pTrcHisB/h35k) . 
2-2. Expression: 

E. coli (DH5a) transformed with human or rat 3 5kd protein 
expression vector pTrcHisB/h3 5k were planted in 5 ml of an 
L-medium containing 50 [ig/ml ampicillin (L-Amp) , and incubated 
therein with shaking overnight at 37°C. 

The resulting culture was transferred into 200 ml of L-Amp, 

and shaken at 37°C for 3 hours, and then IPTG was added to it 
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to have a final concentration of 1 mM, and this was further shaken 
for 6 hours. The cultured cells were collected through 
centrifugation (6000 rpm, 20 min, 4°C) , and frozen and stored 
at -20°C. 

2-3 . Purification: 

The cells obtained in the previous step were suspended 
in 40 ml of 25 mM Tris-HCl (pH 8.0) containing 0 . 5 mg/ml lysozyme 
and 0.3M sodium chloride, and left at room temperature for about 
15 minutes. 

Next, this was ultrasonicated (10 min) with cooling with 

ice, and centrifuged (10,000 rpm, 20 min, 4°C) to obtain a 
supernatant . The supernatant was collected, and passed through 
an Ni-NTA column (Qiagen, bed volume 5 ml) that had been 
equilibrated with 25 mM Tris-HCl (pH8.0) containing 0 . 3 M sodium 
chloride, and the column was washed with a 4 -times amount of 
the same buffer and then with the same amount of the same buffer 
containing 2 0 mM imidazole. The intended protein was eluted 
with 10 ml of the same buffer containing 200 mM imidazole, and 
the eluate was collected and concentrated to about 6 ml by the 
use of a ultraf iltrational concentrator (ULTRAFREE, BIOMAX-lOk, 
Millipore) . 

The Ni-NTA purified fraction (6 ml) was dialyzed to 200 
ml of 25 mM Tris-HCl (pH 8.0), and, for cutting and removing 

the His- tag from it, 5 Jul of Tween 20, 50 (ll of 100 mM CaCl 2 
and 3 0 units of enterokinase (Invitrogen) were added to it and 



reacted at room temperature for about 8 hours. 

After the cutting reaction, 5 mM DTT was added to the 
reaction liquid and left at room temperature for about 3 0 minutes . 
Then, this was subjected to ion-exchange chromatography with 
Mono Q 5/5 (Amersham Pharmacia) . 

Using 25 mM Tris-HCl (pH 8.0). as an equilibrated buffer, 
the column was subjected to linear gradient elution with a 
20-columns volume of 0 . 5 M sodium chloride (flow rate 1 ml/min) . 

Based on the absorption at UV 2 80 nm, the intended protein 
fraction was collected and concentrated to about 0 . 8 ml through 
ultrafiltration (ULTRAFREE, BIOMAX-lOk, Millipore) . 

Next, this was subjected to gel filtration chromatography 
with Superdex 200HR 10/3 0 (flow rate; 0.5 ml/min, Amersham 
Pharmacia) equilibrated with 25 mM Tris-HCl (pH8.0) containing 
0.15 M sodium chloride, in which a single peak containing the 
intended protein was obtained. 

Thus obtained, the sample was about 10 mg in protein assay 
(Bio-Rad) , and it gave a single band at about 3 5 kda. in SDS-PAGE 
analysis. From these results, it is understood that the rat 
and human 3 5kdgene expressed in E. coli produced a protein having 
a suitable molecular weight presumed from the amino acid sequence 
thereof . 

3 . Specific binding of human 3 5kd protein to WF00144 

Using the same biotinated WF as in the identification of 
the 3 5kd protein and the human 3 5kd protein expressed in E. coli 



and purified, the above-mentioned biotin/avidin chromatography 
was carried out, and the protein released from the avidin resin 
was analyzed through SDS-polyacrylamide gel electrophoresis to 
thereby investigate the specific binding of the human 35kd 
protein to WF00144. 

As a result, the purified human 3 5kd protein was kept 
binding to the avidin resin only in the presence of the 
biotin-labeled substance. In addition, this binding was 
antagonized in the presence of WF00144 (in a molar ratio to the 
biotin-labeled substance of 1/1) . 

4 . Determination of molecular weight through gel filtration 
According to the gel permeation chromatography with 
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Superdex 200HR 10/30 that had been carried out in the step of 
purification, the molecular weight of the present protein was 
determined. Aldolase (MW: 158 kDa.), albumin (67 kDa.) and 
ovalbumin (43 kDa.) all from Amersham Pharmacia were used as 
molecular weight markers. The molecular weight of the 3 5 kda. 
protein that is calculated from the elution volume indicated 
by each marker was about 80 kDa. 

From the molecular weight thereof ( 3 5 kda . ) in the previous 
SDS-PAGE, it is considered that the present protein would have 
a dimer structure. 

5 . Tissue-specific expression of 35kd protein gene 

According to a process of PCR using Clonetech's Rat 
Multiple Tissue cDNA (MTC) panel I (cat. No. #K1429-1), the 
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expression condition of the 3 5kd protein gene in heart, brain, 
spleen, lung, liver, skeletal muscle andkidney was investigated. 
' In PCR, a forward primer CTGTACAGTGTCCCAGGCAACA and a reverse 
primer AATCCTGCTTGCTGGTCTTGTG were used, and the DNA polymerase 
was Toyobo's KOD-Plus. PCR was carried out according to the 
manual attached to the device. The PCR product was analyzed 
by separating the reaction liquid through ordinary agarose gel 
electrophoresis. 

As a result, it is obvious that the expression of the 35kd 
protein gene is limited to only liver and kidney. This result 
strongly suggests that the 3 5kd protein gene is a protein that 
participates in sugar production. 

In physiological function analysis of protein not known 
in point of its function, the specificity of the protein gene 
in tissue expression is useful. Sugar-producing organs are 
limited to liver and kidney. Accordingly, if the 3 5kd protein 
participates in sugar production, then it is readily anticipated 
that the protein expression will be limited to only liver and 
kidney. Liver and kidney are organs that are highly 
differentiated in point of their function, and except sugar 
production, there is no other function common to such liver and 
kidney . 

6 . Certification of 35kd protein as sugar 

production-associated protein by the use of compound 

6-1. Thinking of function certification by the use of compound: 
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WF00144 is a liver sugar production inhibitor that is 
produced by fungi, Phoma sp. No. 00144 (W099/61645) . This 
substance inhibits in-vi tro sugar production by primary culture 
liver cells, and owing to its effect, this exhibits hypoglycemic 
effect in diabetes-diseased model animals. 

Specifically, it may be said that this agent could be a 
medicine for diabetes, as binding to some protein that 
participates in liver sugar production and inhibiting it to 
thereby inhibit liver sugar production and express hypoglycemic 
effect. The 35kd protein is a protein that specifically binds 
to the liver sugar production inhibitor WF00144, in the sugar 
production- inducing rat primary liver cells shown in Embodiment 
1-2, or that is, in liver cells where their sugar-producing 

mechanism is active. Accordingly, it may be readily presumed 

i 

that the 3 5kd is a protein that participates in liver sugar 
production . 

For finally analyzing the function of a novel protein, 
generally employed is a method of deleting, mutating or 
over- expressing the gene that encodes the protein so as to observe 
the phenotype of the gene on the level of cells or on the level 
of individuals. However, the genetic method of the type 
generally takes a long period of time, within which, however, 
some substitute mechanism may become active, and there will be 
many difficulties in accurate function analysis according to 
the method. 
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As a method of final function analysis of a novel protein 
capable of compensating for the drawbacks of the genetic method, 
we have herein employed a method of using a low-molecular compound, 
of which the reasonability has been established as Chemical 
genetics recently. The low-molecular compound may 

transitionally and reversibly inhibit a protein at any stage, 
or that is, at a stage at which the biological phenomenon that 
is to be observed has been induced (in general, this period is 
short) , and may make it possible to observe the phenotype that 
is induced by it. 

Accordingly, there should be no contradiction in thinking 
that, according to the method as above, "when a low-molecular 
compound, which specifically binds to a protein capable of 
specifically binding to a compound that inhibits and retards 
a certain pharmaceutical phenomenon and which differs from the 
latter compound in point of their molecular skeleton, may inhibit 
and retard the same pharmaceutical phenomenon as that of the 
latter compound, then the protein participates in the 
pharmaceutical phenomenon" . 

For example, in the present case, when some other 
low-molecular compound except the substance WF00144 that 
specifically binds to the 3 5kd protein, of which the 
physiological function is not clear, may exhibit a rat liver 
sugar production-inhibiting activity like the substance WF00144 , 
then it may be concluded that the present 3 5kd protein 



participates in sugar production. Accordingly, low-molecular 
compounds capable of specifically binding to the 3 5kd protein 
were searched for according to the method mentioned below, and 
compounds A and B were found out . 

6-2. Selection of compound and determination of the activity 
thereof : 

A solution containing the purified human or rat 35kd 
protein obtained according to the same method as in. the 
above-mentioned Embodiment 2 was mixed with a solution containing 
a test substance to form a protein-compound complex. The test 
substance, the protein and the mixture containing the 
protein -compound complex formed therein were separately 
analyzed with BiaCore S-51 (from BiaCore) to confirm the 
condition of the molecules and the complex. The analysis was 
carried out according to the operation manual of BiaCore S-51. 

The data obtained through analysis with BiaCore S-51 
confirmed that the test substance specifically bound to the 
protein. More concretely, the data of the kd binding value of 
the human 3 5kd protein to the test substance measured with BiaCore 
S-51 are shown in Table 1. 

Regarding the sugar production-inhibiting activity of the 
protein in rat primary liver cells, the data of IC50 thereof 
measured according to Embodiment 1-2 are shown in Table 1 . From 
these results, it is presumed that the physiological function 
of the 3 5kd protein would be liver sugar production. 
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Table 1 - Sugar Production Inhibiting Activity of Compound 
Specifically Binding to Human 3 5kd Protein 



Compound 


35kd binding (Kd: jaM) 


Sugar Production Inhibiting 
Activity (IC50: uM) 


WF00144 


irreversible binding 


0.5 


Compound A 


91 


27 


Compound B 


280 


15 



7 . Confirmation of aldolase activity of human 3 5kd protein, 
and determination of the enzyme activity thereof 
7-1. Confirmation of aldolase activity: 

According to the method described in Embodiment 2, 
expression and purification of rat and human 3 5kd protein, the 
human 3 5kd protein was prepared. The human 3 5kd protein was 
suitably reacted with its substrate for enzymatic reaction, 
glycerylaldehyde 3 -phosphate (GAP) , dihydroxyacetone phosphate 
(DHAP) or fructose 1, 6-bisphosphate (Fl,6P 2 ) in a reaction liquid 
having the following composition, at 37°C for 30 minutes. 
Reaction liquid 100 ^ll : 0.25 mM tris-HCl buffer (pH 8.0), 0.5 
mM glycerylaldehyde 3-phosphate (from Sigma), 0.5 mM 
dihydroxyacetone phosphate (from Sigma), human 3 5kd protein (40 

|xg/ml) . 

The reaction mixture was subjected to TLC with a plate 
silica gel 6OF254 (from Merck) , in which this was developed with 
a mixed solvent of butanol/acetic acid/water = 4/1/2. After 
the development , the plate was dried and then the reaction product 



was analyzed through ordinary Molish reaction with a-naphthol 

■ 

and concentrated sulfuric acid. 

The Rf value and the color formation of the three sugars 
in this analysis system are as follows: Glycerylaldehyde 
3-phosphate (GAP), 0.28, brown; dihydroxyacetone phosphate 
(DHAP) , 0.16, blue; fructose 1 , 6-bisphosphate (Fi, 6P 2 ) 0.05, 
reddish violet. 

As a result, the human 3 5kd protein formed fructose 
1 , 6-bisphosphate from glycerylaldehyde 3-phosphate and 
dihydroxyacetone phosphate. In addition, the human 35kd 
protein produced glycerylaldehyde 3-phosphate and 
dihydroxyacetone phosphate from fructose 1 , 6-bisphosphate . 
These reactions are aldol condensation reaction and aldol 
cleavage reaction, and are characteristic of Class I aldolase. 
Accordingly, it was confirmed that the human 35kd protein is 
a type of Class I aldolase as so anticipated from its structure. 
7-2. Determination of aldolase activity of human 35kd protein: 

The aldolase activity of the human 3 5kd protein was 
determined as follows, according to the method described in a 
reference (Novel Biochemistry Experiment Lectures , Vol. 15, 
Metabolism Abnormality, p. Ill, edit. Biochemical Society of 
Japan, publish. Tokyo Kagaku Dojin-sha, September 22, 1992) : 
Conjugated with triose phosphate isomerase (TIM) and 
glycerol 3-phosphate dehydrogenase (G3PDH) , the aldol cleavage 
reaction of fructose 1 , 6-bisphosphate (Fl,6P2) with the 3 5kd 

« 
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protein was determined with NADH. 

A reaction liquid having the composition mentioned below 
was prepared, and reacted at 37°C for 30 minutes. The enzymatic 
reaction was monitored through the reduction in the 340nm 
absorbance owing to the oxidation of NADH in the reaction liquid. 
The enzymatic reaction was indicated by the number of mols of 
Fl,6P2, per mg of the protein, cleaved within 1 minute 
(pmol/min/mg protein) . 

Reaction liquid 200 |ll : 0.25 mM tris HC1 buffer (pH 8.0), 0.15 
M NaCl, 0.5 mM Fl / 6P2 (from Sigma) , human 35kd protein, human 
liver TIM (500 jig/ml) , rabbit skeletal muscle G3PDH (8 units/ml, 
from Sigma), 0.3 mM NADH (from Nakarai) . 

For comparison, a commercial product aldolase, Sigma' s 
rabbit skeletal muscle aldolase (A-type aldolase) , and an 
enzyme-free system were tested in the same manner. The results 
are shown in Table 2. The activity data confirm that the human 
3 5kd protein has an aldolase activity. 



Table 2 - Enzymatic Activity in Aldol Cleavage Reaction 



Additive 


Aldolase Activity (|imol/min/mg protein) 


Enzyme-free system 


below detection limit 


Sigma's commercial product aldolase 


0.278 


Human 35kd protein 


0.0034 



INDUSTRIAL APPLICABILITY 

The present invention provides a protein that participates 
in regulation of sugar production, and a polynucleotide that 
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encodes it. 

Since the invention provides a screening method for a 
compound that participates in regulation of sugar production, 
it makes it possible to evaluate compounds participating in 
regulation of sugar production. 

Further, the invention provides a medicine for treatment 
or prevention of diabetes, that contains the compound 
participating in regulation of sugar production. 
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